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1. Summary

The purpose of this experiment was to check the possibility of

operating the superconducting low—-8 scheme (SLBS) in I8 at 31 GeV.

)

. . . 1
From the results of a similar experiment in 1977 we can deduce

that some PFW currents get saturated during acceleration with SLBS.

2 . . .
However, the sextupole scheme ) which was studied in ref. 1 has been
modified in order to reduce the SC sextupole currentsB), and the SF and SD

sextupoles of the ISR have been included in order to avoid saturation of the

PFW currents.

The feasibility of this scheme has been demonstrated for Ring 1 and the
results obtained for Ring 2 show that no trouble should arise. The conclusion

is that the superconducting low-f scheme can be operated in I8 at 31 GeV

with the present equipment of the ISR, the luminosity being 97 lower than

quoted in ref. 2 (3).

2. Experiment

2.1 Numerical computations (AGS program)

- The low—B scheme proposed in ref. 2 has been put in IS8.

- The SC sextupoles have been recomputed so as to maximize the

useful aperture of the machine in both rings3).

- The SF and SD sextupoles of the ISR have been excited in order

to reduce the load on the PFW according to the results of ref. 1

(PFW currents calculated by means of the program POLEFA)).



~ The magnets of the insertion have been removed; the "bare machines"
so obtained, which are built by means of the main magnets and the SF

and SD sextupoles, are characterized by the tunes :

= v _ "o o_ _
QhA 8.736 Q) 0.97 Qh 17.8
Ring 1 .
- L " o_ _ .
QV = 8.524 QV 3.51 QV 18.5
Q = 8.736 Q) = 1.04 Q' = -~ 20.7
Ring 2
= ! = " = -
QV 8.524 QV 3.55 Qv 19,2

The difference between the two rings comes from the difference in
the increments to be added to the PFW currents during stacking and

acceleration.

2.2 Machine experiment (building of the machine with the above tunes)

Since the working lines associated with the above values of the tunes
cross the half integer resonance (see fig. 1), a vertical Q-shift of 0.07
has been applied in order to obtain lines with all QV above 8.5 : they are
called preparation lines. The currents needed to build those lines are
listed in table 1 for both rings. The automatic measurement of the line is

shown for Ring 1 in fig., 2 (between - 36 and + 40).

For building those lines, a special attention has been paid to the
currents of PFFl PFF12 PFD1l PFD12 : they have been systematically reduced .
and this reduction compensated by the excitation of the closest winding.

As this procedure takes a certain time it has only been completed for

Ring 1.

Once the preparation lines have been built, a pﬁlse was placed a little
above the central orbit and a vertical Q-shift of - 0.07 was applied : the
values of Qv above 8.5 were checked by means of this pulse, usually they did
not differ from the theoretical values. A pulse was then injected for the
measurements of the values of QV below 8.5; usually Q; must be increased by

20 and Qﬁ by 10 in order to obtain the theoretical values of Qh and QV.



3. Results

The currents of the auxiliary power supplies of the ISR needed for
the preparation lines have been put in the files 3BS1 (Ring 1) and LBS2

(ring 2); they are listed in table 1.

The currents for the superconducting bare machine have been accurately
measured only for Ring 1, they are listed in table 2., The difference '
between those currents and the currents of the file 3BS1l gives the increments
between preparation line and bare machine line, they have been used to

compute the currents of the bare machine in Ring 2 (see table 5).

The increments of the PFW currents after stacking have been obtained
from standard files and can be computed from the values listed in table 3,

the results are given in table 5 ( column : space charge compensation).

The increments of the PFW currents for acceleration have been obtained
from standard files (see table 4), they must be over estimated because they
are related to the steel low-R case in which no sextupoles are present in

the insertion. .

The increments which must be added to the PFW currents of the supercon-
ducting bare machines for stacking and acceleration are summarized in table 5.
In Ring 1 the situation is comfortable. The experience gained in establishing
it allows to state that the overloading appearing in Ring 2 on PFDl for

stacking 30A at 31 GeV can be easily eliminated by powering PFD2.

A. Verdier
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Table 1

Currents for the preparation lines

7 XOUT CTF (L B2y ROy ALY TIME 8 00MH10MO2E CATE S 78-09~-12
/s XREE~RUNI P74 XINF'/ XKEE=TIME : OOHOYM3YS UATE: 78~09--12
/0T
20K +4,.68 REF +26.61 280 ~$1,44
2OCH34 +0.185
443 B oo - SR .
~37 .04 2FFF2 ~-28.37 2FFF3 -8.06
“lelt ZEFEFY -65.49 2FFS -2.%6
~1.61 2FFF8 +1.%9 2FFQ +10.38
+10.06 GFFFL11L 426412 QFEFL12 +19.34
A P2 . el o 4 ~2.54 2F NG +9.67
2FF D4 +5. 894 2FFDS +45.18 20006 . =5.81
2FFU7 ~10.864 2FFDB -7.32 2FFDY -12.82
2WFFDLO  ~16.04 2FFD11 +2.37 2FFDL2 -35,.69
/74
ZH21 6A +2.86 2H216R +7.03 2H248 +2,324
2HZ00 +0.10 2H3GD2 -1.83 2H316 +3.03
2HAQE +0 .88 2H41¢ -1.39 2HS52 +3.76
ZHE16 +0 .39 2Ho16 +2.69 2H&A8 ~-0.1%
DHPG2 +3.10 2H716 +Q.83 2HB4B .. +4.83
2HB16 +2.59 2H1G2 +0.83 2H116 +0Q .02
/CR
2CR23E +0.02 2CRAE0  +13.6% 2CR344 +0.0%
QCR3GS +0.07 2CR404 +0.0% T 2CR420 +0.02
2CR434 +0.0% 2CR460 +0.05 2CRGO08 +0.02
2CRS44 -0.07 2CR604 +0.0% 2CR636 +0.05
2CR744 +0.02 2CR796 +0.0% 20R804 +8.2%
2CR1L320 -Q.095 2CR220 +Q.05 :
780
2LBC2 153, 74 2L.BCa +67.02 -
/708
2061 -4,00 2082 ~-3.98 2084 ~4,00
2087 ~%.98
/LE s
7EM
/7SFM
2TRIM +321.835 SCM2 +59.230 LOCM2 .  +%59.790
/ ENO OF DATA
FXOUT CIF=3R519R1) TIME s 17HOBMZ2S PATE: 78-09-11
/XKEE-RUN: 974 XINF'/XKEE=TIME 31 7HOZMRYS UVATE78~Q09—~11
/MATIN ’
1WL. LEaC
707
1CF +42,70 1SF +46.9% 18I ~3%,47
/7bPF
1FFF1 +10.79 1FFF2 ~$.27 1FFF3 -4,98
1FEF4 -5.98 1FFFYS -4 .64 1FFF &6 -2.71
1FFF7 ~-4,27 1FFFQ -3.,12. IPFFQ +5.30
1FFF10 +6, 54 1IFFF11 +17.97 1FFF12 +16.14
1F#F L -1.%9 1FPED2 ~-24,22 1IFFDZ +2.08
S1FET4a -1.07 1FEUS -1,20 1FFDS -4,%6
1FFL7 9,23 1FFI ~é..88 1FELY ~&.47
1FFTI10 -8.03 IFFDILL +11,43 IFFD12 ~-7.13
/H
1H749E +7.86 1H117 +22.71 1H333 +?.62
1H349 ~7.03
/CR
1CR72% -29.20
/780
/7QS
1081 +0Q.37 182 -6.37 183 -1.12
1Q84 -1.71 1Q8Y ~-5.86 1086 +3.83
1057 —a.74
sLB
/7EM
/7SFM
1TRIN +22.060 SEM ~34.782 6CM1 +959.181
LGl +59 . 682

s ENDE OF

Data

Ring 2

Q = 8.736
v _
no_ _
Qh 20.7
QV = 8.524
v
Q! = 3.55
Ring 1
Qh = 8.736
Qé = 0.97
Qg =-17.8
Q, = 8.524
Q; = 3.51
Q" = -18.5



Table 2 - Ring 1 Currents of the superconducting bare machine

/XOUT CIF=XL.IS»R1) TIME:17H41M10S8 UﬁTEt?S-OV*li

/XREE-RUNI 274 XINF/XKEE-TIMERL7HALMOLS . DATES ?28-Q9-13 -

7MAIN . ,
1WL. LEAC o oo E L e

/70T . .
1CF +42.70 1SF . +Ab.98 1sh . =3%.47

s )
1FFF1 +12.67 1FFF2 ~-7.74 . 1FFF3  =72.81
1FFFa -2.20 1FFFS =7.74 1FFFs —Q &9
1FFF?7 ~7.30 - 1FPFFR ~9,94 2o S lPFFER L L TAR2,7260 0
1FFF10 +4,.49 1FFF11 +15.93 1FFF12 +13.43
1FF D1 -32.462 1FPFU2 ~-40.16 LWL -4, Y
1FETI4 ~&.&7 1FEDS -7.19 1FFDIS -10,60
1FFDL7 -15.26 1FE8 ~-11.0&4 1FFU? ~8.76
1P D10 ~8. 62 1FFU11 +10.69 1IPFLL2 -Q.07

/H :
1H749R +7.86 1H117 +22.86 1H333 9,02
1H349 ~7.03 - ) ele

/LR - . L
1CR729 ~89.20 ST EEE ST

780

7as ) S
1481 +0.37 1082 -6.37 1083 -1.12
1Q54 -1.71 1ass -%$.86 IR 17 17 T +3.83
1087 —-4.74

/LE 3

7EM

/EFM - .
1TRIM +22.052 SEM 84,782 SCM1 +59.181
M1 59 . 680

/7 END OF [lﬁ\'('ﬁ

Table 3 - Table for computation of the increments needed for stacking

TIXOUT (IF=DA24yFF) TIMETOPH2?M125

T OATE#78--083—~10 i

/XEEE—RUN:?ai XINF/ XKEE~ T IME & O3HETIMB4S5 0A1El78~08—0?
/‘F- R o S

1FEFL +22.34 COLPFER +15.14 = IPEES - —3.1u

= IPFF A4 “+2.83 “*'TIPFFS”?;+5.S¢ff*“$1PFF6““ +2.89"

- 1FFFY +0.8% 1FPFFA 5,35 1FFF® - +11.13

—  1PFF10 +1%5.87 1IPFF1L - +26.2% 77 ~ 1PFF12 +42.07

1PFD1 -39.21 1FFD2 -5.49 1FF03 +4.37

1FF D4 +9.52 IPFDG - +12.16 7 U1FFDS  "#12.84

1FF D7 +12.40 1FFDB  T416.99 - 1PFIQ +30.H3

1EFD1I0  +12.92 1IPFNLL  4+31.69 1EFNIR  +34.37

2FFFT —2.64 DEFF 2 +4.44 - 20FF3 ~-5.13

DFFF4 -0.88 - 2PFFS . o 41.88 0= - 2FFF & +0.88"

2FFF7 ~0.32 - 2FFFS +4.993 - - 2PFF9 +10.64

2FFF10 +15.31 SFFF11 +235.83% o 2FFF12  441.43

2FFNIL -2 .69 : 2FFD2- ~10.27 0 7 3FFNI - 43,42

2FF D4 +13.8% o 2FFDS 0 #1301 o C2FFIe 414,33

2FF D7 +15.04 - 2PFIN3 +20.26" - FFFLY w23 39

= 2FFDLIO0  +14,.38 men EPFDII"*33.11w- *t”PPDI’ '*34 q?

o/ END OF DATA o PR L

S ZXOUT C(IF=RASIyFFIRL) - TIME S OPH2PMSRS - 0ar&:78w08’ﬁ6"‘
/5;&E—RUN=9&1 XKINFP/XKEE~TIME 2 21HZGMS7S -  DATE2 78-01=013
7F . S e e [T s .

1PFFYL +24.30 - C1FFF2-7 413.99 - - 1IFFF3 =5.00
1FFF4 +0.78 S APFES v 43,568 - 1FFFA o l.54 -
1PFF7 +1.22 1PFFB - +4.03 1PFFQ +83.81
1FFF10  +13.21 o IPFFLL 4220880 s o 1RFFLR2 +34.40
1PFD1 -29 .49 - IPFDR? - =5.08 1FFD3 - +0.98
1FFD4 +4.17 -~ CIPFDSG - - +7.35 - CLPFIS - o #+7.35
1PFD7 +7.13 - 1PFOS +13.18 - 1PFD? +18.33

- 1IFFIILO  +12.26 - 1PFU11 +31.54 . -~ 1PFDL2  +39.45

/ ENDI OF DAaTa < —

= DATE S 78=-03-10
DATE S 78~-08-07

IXOUT (IF=RAS2yFFyOT)Y TIMERO?HJOMhJS’
/XREE-RUNEPAT XINP/XKEP TIhE? 17Hu4h130

“2PFF L -2.66 2PFEQ L a4 TEFFFITT ~9.599
2FFF 4 -5.03 2FFFY - =2.03 - 2FFF6 -1.93
2FFF7 ~1.59 2HFFQ +2.54 - REFP +7.28
2FFF10  +11.87 REFFLT - +21.7% CORPFFIR - +33.6Y
207D ~43.43 2RFD2 0 =14 97 20FDE o =l
26F D4 +7.08 - CORPFLIG o +AhLeR DR 47 .93
2FN7 +3.69 - ZFFDR o +15.a1 0 - o0 2RFEY - 4200 34

2EFDLO +13.43 - 3Prn11 +32.54 U RRFDL2 440,38

7/ BN OF DaTa

PFW currents

after stacking

30A

PFW currents

before stacking

30A

Ring 1

Ring 2

Ring 1

Ring 2



f

2H716

DATE R 7B-03-10
271 +23.85
2Q74 +17.683
250 +44 P97
29CH3E -14.99
2FFF3 -6.86
2FFF6 +0.5646
2FFF9 +9.74
PPFFL2  +33.45
2FFD3 +2.05
2FF TS +10.64
2FFR9 +21.31
2FFDL2 +35.74
2H716 -7.06
20R404 -3.34 -
2LEQs ~

DATE!7H—OB—10
. PATER 78-03-10

'fﬁnﬂaoa-
20R604 - -
RUR204

7XOUT CIF=F265,R2)  TIMEIO9HAOMOAS
/XKEE-RUN291L  XINP/XKEE-TIMEROSHL4M21S
/7MAIN
20EV irf§~d911 L R2DUM - 476,495
2WL. A2
07 ,
2072 -10.72 2cP +42.48
2074 +37.92 2073 —-4.49
207y +7.93 25F +54 .99
20716 +32.91 - 2077 +3.32
4
2PFFL -6.23 REFFR +2.71
2PFF4 -1.51 DPFFS - +1.17
PPEET +0.93 - 2PFFB +5.22
DFFF10  +13.28 2PEFL1L 423,14
2PFD1L —40.89 CRPFDR - =10.42
DFFTIA +11.13 ZPFDS - +10.50
WFD7 +10.86 -~ RWFDF - +17.26
2FFDLI0  +13.57 C2PFDLL - +32.81
/H .. -
2H316 +13.3% 2HE16 -8.01
/TR - e
2CR332 -5.05 2CR344 T ~9.59
2CRE0Y  -10.72 S2CR620  +7.89
780
el
/LR
2LEAR 483,42 oo 2LE04 oo —65.84 o
DLEGS +62.33 7 2LEQI0  -82.98
7SFM :
~# ENCE OF DATA -« 0 mommmmss s or mrrrs o
/XOUT (TF=F314yR2) 109HAOMDZS
AXKEE=RUNT916  XINP/XKEE-TIME?11HABMASS
/HAIN = “‘umﬂt’“"“
2GEV 1.a26% Q CRUUM AR PRT e
20 FJiK“”““”“ B :
L roT :
2072
20715 +9.35 T
2Q76 +36.92 - - +3.91
i
2PEFL - ~39.84 - & 42085
2WFFA - +22.02 PFFS 430,52
2PEET - 449,58 29FF8¢;;+6¢.16 Lo
2PFF10  +42.40 2PFFLT - +88.84 ¢
PEFDL - =92, 410 L 2PFDR2=39 .06
2PFDIA 436,77 2RF0S T +35.04
2EFD7 +51.32 2FFDE - +69.44
2FFDLO +54.91 2EFDLL +91.04
2H316 +8.35% C2H616 -8.01 © -
/UR : s R
RRIIZ —5.05-750 0 QURIAA T 52 -
20RG09  -~11.72 CRCREGAN o +4,01 -
2CR620 - +10.40 2CR636 +4.01
790 R T e

~-?o.3ﬁ~'

DATE® 78-08-10

- +53.70 -

s t20L93 =

12¢ 453,12
2605386 -17.80

2PFF3 - 412.30 =
C2FFF6 T +43.85
RFFFY - +00 .20
CO2REFL2 495,43

s 2PFD3 s 424200

2FFDS - +37.9%
PPFNP 482,47
2PFIT2  +H9.04
-7.058

+3.aYy

"

=500

7Q%

TFXOUT(IF=A2659R1) TIME 2 OPHISM32S ™~ DATE?278-08~10
/XKEE-RUN2 v11 XINP/ XKEE - TIME 10H4QM”05 DATE : 78~03-23
7MAIN
©IGEY 10UM +76.420
- : . .
707
1QRT2 +2.05 1CF +47.17 1QT1 32.23
178 +25.17 1273 +0 .32 1074 +19 12
178 -20.: ISE o 455,32 1SD +18.80
1QT76 +29.52 1RTY +0.56 1S0233 —22.00
7P .
1FFEL +23.73% 1FFF2 413,67 1PFF3 -5.18
1FFF4 +0 .46 1IPFEY - +3.2% 1FFF& +1.22
1EFF7 +0.95 1FFFS +3.76 1FFES +3.50
1FFF10  +12.94 1FFF11 +22.73 1FFF12  +33.81
1FEDIL -28.27 1PE 02 —-4.54 1FF03 40,93
1FF D4 +3.98 1PFNIS C+7.13 1FFDs +7.23
1FED7 44,86 1PFD3  +12.79 1FFD? +17.99
1FFDI0  +12.04 S C1IPFDL  431.37¢ 1FFD12  +39.45 -
/H :
1H749R +3.04 1H117 - +12.79 1H317 - 43,06
1H349 +3.69
7CR -
1CR761 +5.98 1CRB61 ~3.37 1CR145 ~2.76
1CR249  =%.01 1CR345  +14.43 1CRE2S & =4.35
780
1LBC1 +47.41 1ILBC3 +5%9.91
705
R , e o
1L RQ1 RQ.?O 1LBAY ~72.27 1ILBYS  +6%.04
1LBQ7 AR 72 1LEQY - - ~B8B3.01 = SRR o
7EM
/7SFM
/ END OF DATA
/XOUT C(IF=A314rR1) TIME 2 QOPHIPMRLS - DATE: 78-08-10 - -
/XKEE~RUN2911 XINP/XKEE-TIME?: 11H10ﬁﬂwq - DATE?78-0%-11
/7MATIN ; - ceweepe R T
1BEV 531.a304i 1DUM +1oo 001
WL al’
707 '
1QT72 +2.29 iCP +99 .37 1RTY +38.04
178 +30.83 1273 +0.39 1aT4 +22.58
1Q7Y -23.88 . - 1SF - +65.28 1SD - +22.19 -
1QT76 +34.64 1QT7 F0.65° 1SC233 - =26.00
7FE - : N . - e R
1FFF1 ~57.40 1PFF2 +23.36 1PFF3 +30.746
1FFF4 +25.07 1PFFS +26.71 1FFF& +44 .60
1FFF7? +51 .39 1IFFFR 445,46 1FFF?  +831.32
1FFFL10  +66.53 1IFFFL1 .- #8595 o 1IFFFI2 - +95.00 -
1FFDL ~40.77 1IFFD2 ° —8.96 1PFD3 +9.25
1FF L4 +24 .88 < 1IFFDS ror30.49 1PFDS - +37.23 - -
1FFD7 +47.07 1FFD8 © +62.38 - 1IFFII? +74.34
1FFDLO  +61.77 1FFDLL +89.36 1FFU12 +8B8.26
/H
1H749R +83.06 1H117  +12.79 1H317 +3.06
1H349 +3.49
7CR
1CR741  =14.50 1CRBA1 -3.37 1CR14S  =5.47
1CR249 -2.01 1CR345 +14.43 =~ 1CR305 - =9.01 =
1CR%461  —12.01 1CR62S -4 .35 e :
/80 .
1LRCL +47.41 1LRBC3 +59.84 -

% 2198L

138199008 10J PpoOpo’u

T uoT

yjoq u
MAd @243 JO s3judweidul 9yl Jo uorieindwod 103 ITqE]

s3uta



TABLE 5

Currents for the superconducting low-B machine

Currents for the | Increments for Superconducting Incr. for space Increments for PFW currents
Ring 1 preparation line AQy = =0.07 bare machine charge compens. acceleration for 30 A
(from Table 1) (Tables 1 & 2) (Table 2) (from Table 3) (from Table 4) at 31 GeV
1 PFF1 + 10.79 + 1.88 + 12.67 - 2.46 - 81.13 - 70.92
2 - 5.27 - 2,47 - 7.74 + 1,17 + 9.69 + 3.12
3 - 4.98 - 2.83 - 7.81 + 1.85 + 35.94 + 29,98
4 - 5.98 - 3.32 - 9.30 + 2.05 + 24,61 + 17.36
5 - 4,64 - 3.10 - 7.74 + 1.95 + 10.46 + 4.67
6 - 2,71 - 3.98 - 6.69 + 0.95 + 43,38 + 37.64
7 - 4,27 - 3.03 - 7.30 - 0.37 + 50.44 + 42.77
8 - 3.12 - 2,42 - 5.54 + 1.32 + 62.70 + 58.48
9 + 5.30 - 2,54 + 2,76 + 2.32 + 72.82 + 77.90
10 + 6.54 - 2.05 + 4,49 + 2,66 + 53.59 + 60.74
11 + 17.97 - 2.44 + 15,53 + 3.37 + 62.82 + 81,72
12 + 16.14 - 2,71 + 13.43 + 7.67 + 61.19 + 82,29
1 PFD1 - 1.59 - 31.03 - 32.62 - 9.72 - 12,50 - 54,84
2 - 24,22 = 15,94 - 40,16 - 0.41 - 2.42 - 42,99
3 + 2.08 - 6,33 - 4,25 + 3.39 + 8.27 + 7.41
4 - 1.07 - 5.60 - 6.67 + 5.35 + 20.90 + 19.58
5 - 1.20 - 5,95~ - 7.15 + 4,81 + 23,36 + 21,02
6 - 4,96 - 5.64 - 10.60 + 5.49 + 30.00 + 24,89
7 - 9.23 - 6,03 - 15.26 + 5.27 + 40,21 + 30.22
8 - 6.88 - 4,18 - 11.06 + 3.81 + 49.59 + 42.34
9 - 6.47 - 2.29 - 8.76 + 2.30 + 56.35 + 49.89
10 - 8.03 - 0.59 - 8.62 + 0.66 + 49,71 + 41.75
11 + 11.43 - 0.74 + 10.69 + 0.15 + 57.99 + 68.83
12 7.13 + 7.06 - 0.07 - 5.08 + 48,81 + 43,66




TABLE 5 cont'd

Currents for the superconducting low-f machine

Currents for the

Increments for

Superconducting

Incr. for space

Increments for

PFW currents

Ring 2 preparation line | AQ;, = -0.07 bare machine charge compens. acceleration for 30 A
(from Table 1) (Tables 1 & 2) (from Table 3) (from Table 4) at 31 GeV

2 PFF1 - 37.04 + 1.88 - 35.16 + 0.02 - 33.61 - 68.75
2 - 28.37 - 2.47 - 30.84 + 3.00 + 18.14 - 9.70

3 - 8.06 - 2.83 - 10.89 + 3.46 + 19.16 + 11.73

4 - 7.76 - 3.32 - 11.08 + 4,15 + 23.53 + 16.60

5 - 6.49 - 3.10 - 9.59 + 3,91 + 29.35 + 23.67

6 - 2.56 - 3.98 - 6.54 + 2.86 + 43,29 + 39.61

7 - 1l.61 - 3.03 - 4,64 + 1.27 + 48,65 + 45,28

8 + 1.59 - 2.42 - 0.83 + 2.42 + 60.94 + 62.53

9 + 10.38 - 2.54 + 7.84 + 3.36 + 70.46 + 81.66

10 + 10.06 - 2,05 + 8.01 + 3.44 + 49,12 + 60.57

11 + 26,12 - 2.44 + 23.68 + 4,08 + 65.70 + 93.46

12 + 19.34 - 2.71 + 16.63 + 7.74 + 61.98 + 86.35

2 PFD1 - 46.92 - 31.03 - 77.95 + 0.98 - 51.52 -128.49
2 - 2.54 - 15.94 - 18.48 + 4.20 - 28.64 - 42.92

3 + 9.67 - 6.33 + 3.34 + 4,98 + 0.15 + 8.47

4 + 8.54 - 5.60 + 2.94 + 6.81 + 25.64 + 35.39

5 + 6.18 - 5.95 + 0.23 + 6.39 + 25.54 + 32.16

6 - 5.81 - 5.64 - - 11.45 + 6,45 + 27.30 + 22.30

7 - 10.86 - 6.03 - 16.89 + 6.35 + 40.46 + 29,92

8 - 7.32 - 4,18 - 11.50 + 4,85 + 52.50 + 45,85

9 - 12.52 - 2.29 - 14.81 + 3.05 + 61.16 + 49,40

10 - 16.04 - 0.59 - 16.63 + 0.95 + 41,34 + 25.66

11 + 2.37 - 0.74 + 1.63 + 0.57 + 58.25 + 60.45

12 - 35.69 - 7.06 - 28.63 - 5.89 + 52,30 + 17.98
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Fig. 2 = Measurement of the preparation line




